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(jj jwo-u-l Ls d-ij-dJlJ ^j, ft m Via j<i_$j 

6-“-^ Oj^d a* ij- 1 ! ^ 

. 4-C.JptJSC-Q 

<Ljjj j JlI l JL l (J l£bl JLX Ij^IiJ I — 

^j^LaVl £—. 4-j l tjV i^jjuLjJb 

* ^ * 

vjj^LUl ^bal j^sjlIji V djV 

^_j jLaa jLilLjJj JUabJl 5Jbw “ 

- Ll! l 0 JuC. b_uJL l >h J_U a 4 jjuJ jJL l 

a 4jjijjLflJJ t iLujj J ll 1 JJi^ 1 

^ * 

3 JLC. L m flj oJj) 1 i M 1 ll 1 Jl& b^aj I i Lb 

3jL£.Luujaj <Sjluu JljJUj ^Jb. j^Juil 

^^ic- u£jJl JbbJf 

* 

\ ^ -a . - ^ I ^ f r l ^ > t Mrl^ 

6 * ' * * ^ ** * ll 

4 

J* l£ L-Ui- (_J ^ L j ulAlI l ^ J 

4 

-j nji frl _ui)V1a ^^LtsaJI ^1*1 »_■' 


UCLUlll 

^ r I ml i 6 i S 

■ I 

£o>q U-o 

C j^iil lQniijn 

i^r^- iJ^jkjlSJ I 4-Jjj^il l £ t JJ J 

^SblLiJ A l \ j (jbaVl ^>- -iLsejIi — 

<r 

jl 4 jjLu Lt-J j^jb^l^ JjLbJl 

* > ^ 

djl ^jbjLiiwb Iju ibLqjS dJ 

tJnibVl dj Jtj-3-1 >1^ ^ i J> i^tU | J f IiJJtI]u 

S^jLkl dul ,jjj b StllJjU ^^JuuJ L-I 

C-O I 

* 

dJaj < ^ l u^LujL jjbtjJI — 

jmiJjJII jAbJl JJl^j La LjJ Lcl jl t J 3 b f I 

* ^ 

* JL^I jLl^I ^ JlJU 0yA L^ d w n J t ,yj A 

Lu oUU a diujjJj ^ JL^J jbi^l — 

jud-uj i~il 3jl r>> d jAbJl dj 
jLa^ 6_JJ J^lS jj-Q 

*3jIjVI LIj L^ " vb^^i 

^ jcJLuj b -ijJl urb" JLbbJl ^-L^-uu-} — 

4 - 

jjr* Jb V (jS %* 3j Ir 

^ * 

dJ^-3_a 4_tii Lbi L al 

*■**■< 1 l L^jV || oJu j- j --^ ^ 1 ft 

t^'NJ d_ija V-“Vl djj ji-j-I I 

.o^yi 

(^^JtjjCJl Li Cjl-Sj-fiil b>^ -iJUtJ Oj ->Al — 

# 4. 

LajuLi. _ljJU ljutlL_u-d b>5^b dJjbj jjl 
:jJjJJ Mba^ dJ bj^jM^bil ^j^j^ilIj 

bub U L f l \ ^ r 1 1 \ ^_uu1 Jf rt- t n 1 ^jJL 

4 4- 

1 d 1 4 sT't La b 3 ^ ft Li b> t **t J i 

4- 

Jba jjluI I tj-bc, al 

*L)Vl ijJJjs b^ ^ JUjI )> dJ 
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iAhSJI 66 



* * 

a 4 j i .* r »Llj ' " f f 1 1 1 j 

^j-eaAJ jja ^jLaJi ^jLa^Jl ^j^ill ^JLxJL^ 

■$■*■ 

^jjJULj jLjbj^ft^ L^-<-lc 2u^LUI 

jl-'C « ■=-, j H l T 1 SjljJjJJ a tjJj-QjeJl I U 


*3_>-jJb ^gjLajJl £jj_Ul ^jLl>*I 

LLijSjjj JU 4-clujJ Lj j U3^?3 

p 

ojJ ^ L f-^ u>Lj dy^ d^ 

A I <-*■ , M f I ^IJ^U <LjlLc.J dC li]nill ^jLluJI 

p t c 

d)^ iJ^L-S Ls I i — 

«£■ ’•£■ 4r 

dy^d (^1 l^SllxJl {jljJl 

.£ 

4 j ^ r fi f j 1 1 Jaj la 1 ^jJaju ^4 L J Ls j 

*«LqJjLa» 

IQ IdLLLi Jl £j_Qj qj? ,„(txooo 

c 

t U M 3J^LU l J 

^ ^ * * 

1 ^ jfcla J L^JjJ O^^ -1 O' 

t * 

4_I_i_3 ^1 d i i A \ ^ l f I ^ . .. ■ Ia j La Sb i 

> ij^il d? L LJ 1 LjuJ l ^jpij 1 

* * 
oLojjjiljJl jl L UjU>Tl UOjjLuJ 

t 

o^Lszjuj pLszJoJI \S$lslj 

* £ 

03^-* U 1 ^ N <^-3 

q^JJL 03^-* ^ LJldji * *L L ^ 

(jIjJ^aJI ^Ldj ^ca - 1 n nl 

t- 

ijLxiJI J <i J P-jl (jp I Jl£. m 1 1 j-tj 1 1 1 


?Udj_>ill OjjJI Q ; 1 lAo'i Jla 

* t 

{jjJ j-&$ 3jtLLJl {jijJVl {_y& ^ mVI 

t ■& 

t L a (jl ^ ^ 

p p 

t^jijJLJeJi fjjS jl tCii 1^ dllLl 

it 

1 i. j.j-i. i Lu 4 j ^ 

u Cm. (J l j JjfcJ Ls t i— 3 j)j ^,T I 45 jJ, j 
jjijjL-aJl 1 L - ^ -^ c LsuJ i|t jj c 1 

^■1 I ^ j j 1 1 j—i 1 M II II I ^ t 4 t f j if\ f W f ~ 

* 

(jjJJL Li_J_>- Lijja 

^ * ■#■ 

1 ^ L t j ^ JLA-a t jl 

A 4 Lfc.^" j j 

(5^LdLll O^iJI 

P P V 

t jSLa^fl jut £ l £yA ijr ^£> AjSjL Lai 

Uf 

4jv!jJL j^juIJI \ ijLtl CijjJi ^^^3 

p 

jjsVt I JL& ^iLlDtJdl Jjjis 4 Lie. Jl*j 

p p 

C ‘^J ^ 1 Lk^l^a-I (jl 

jLc^a oJ_Lc ^LiajjJl 43j-L 

p p 

^r.jl A ^ U j ^jL_i_Jl 4 LJUji^ 

^ p t 

t I ^ i f^C L iSjLif olj I 

tlU jLls .1 (jl 

4 1 r>! J H \ 1 AJ i tl J*-* LL^uJ I 

p ^ 

Cd L l J I 4 _i_£>Lh. 4 _ 3 tJ L (J 1 JOaJ -1 

* 

^jlj^J^l 4. i g A ,cL3j_m3 3l5jjLII 4_>*Luja 

iSjtuu^jJl 4 ^ LmjLj LuLu^l 1 JjLt" 


uluuaJ 



oJj-^jLoJI cLLlu :ib-d 


j ; ;*> J *> iii ; LOLi^t QI<)JlJI Oj 

Ijlqjill clsJq . Q-\ri\; H i LoiqJ_oJq Uiujjjq 
. ^iq^ I I ItftnAQi a IriMu cl^xJU: QiJ 
Q_i_o\Jxq udajill Oo-UI U-C foqaJI LLoliiq 

.JjjLoJLi 

£La_oJlq p! o i II yq_J ya_i_jiJI yq_LJI 
a ">lj llq rq ^> ri> H 1 J s 1 V 1 | .ti_Q_ 52 _llq 
OXLLU (jj jjjx j^szJI lidl ooq Q ; hi 6 ill 
yaxiill (jqUI oLc rqAJI ^Imi JjjLoJI 
uii lojjuiii oUiaaj ijJx ojjjbq 
l^Liii Ijjj'u uM^-l ut ClLuI oLiiljaJI 
o-Lc LiUalq LULbpaj o^Lcq LLalj^j ole 
...Lu L jAq .Ujlfibi 




* 4 - 4 <- 4 - 

J jjn ^V1 {jjJJb SjLuJI ^ j U < 1 11 (jiS jb3-l Ll3 ^ < U «J 1 SjllLuJ 4 jjjjJlJL Lai 

d;3^ 1 u^ 1 j' 

s * 

. jtjLaJI CjLuldj $\ £_Q (jpL*J1 

...J jo7>)l ^-lill uaUjJS 

4 it 

jlj^l 3^ SjLrstJi jL^! (jj& jJ£ 4! (JjjuJI ^3 I JUh 

IP * e ^ n & * 

s. j f> i T I o"i 4 ajLoJ 1 ^jljJ^Iji * 4 jLu 1 qUHj ^jLq^Lj I j^jL-Lti ^jln tj idjj-uVI 

* s i * 

Lo- 4J^ J-^\J^ i^Ul ^jiL 4-ljLdIL4 3jUJt_uj 3 jm-u ^ (jJJj iJfA X ~U Ul£ > 


CjjjJI o ajLlllI *jLcu 

■ ■ ■ as 

! d_cqj pjqjJiqjcJI OLiqjjAjJ 

joJ (jl a iJjLLoJI 5 J a_4 ^LqJI Jjjo ^ Ll£ijj £ ;Jjj ( _ 7 ^ <=^j I N CjLj^j^S-u 

P P 

Jl*_j <_d_iV iCjjjjl 4 -uijjjJI j_uoLl*J^ £j-a (j^£ jjl w ^ ^ 3.1ja._jja 

jjdJtJ jUi La£ £jL«JI 0 JLis ^£J JjjJLui. . .i_lljjatJl tlLJl Si jLaJ 1 LgJ.f (jJLtluiJ 

...pljjiiJI 


cLlOJJ pi j in VI 

ft 

I Cjljjj jijj (J 1 j " 1 J £ l__Ja_f-* ^jLL-u 1 ■ I t «■ 

•i fp 

Jl I 3 LluVI JU * i% * ' ^ ^ ^ I I LiL£Lu LjS ^t-Lllo ^rL* J 

* * * 
.(jLLujVI 1 1 1 4jlj > if (jLLjuVI 4^ujJ 

O^J^C Ajlq_D 

IK ^ * 

g i g” 1 j-ilaJ \ 1 g iV tiZjijjiLs&Ji l1jLc.JlU A^Lj_a ^aJ 1 

^ Jf * 

j O^ 1 (J^- 1 ^ ‘- LA ^^tjUil 5£LtJl c_ii_LaitjJj tJlbtJl 

i t UII 


jr ^ ^ ? i 

juui£.j i i ^^Lc. ^3 JU 2 . j f i Tv ^jp Juj t s*\W j_3 4-jj)l nil j_y^ S 1 i ^ "teJ I ^ Lja_s! 

^ Lo ^ Jj}£> ^3 4l>» 5^_uti£3 4-aJtLa £j£. tii! 3^ t ^ ^ I l_j ^ ,3-v 1 1 I 

^ « u» 3^ ^ 

L Lp>v IjS 1 4£. Lu I Jjptj lIjLjjJL ^' 1 i4^jjsi_^Jl < Li < 4 jL 5 4 j^jjjJi 




jja LlaljHal 


♦ + ♦ 

v/ujd jgj 


^4 1 ^jSUuJ (j£ _L_J 1 4-mAJ ^Ji i_ L-'i.i ^ i el_ 

( _ T Ire_i1 " V j_9 T r ^ -i-ijJLj *,* Jk-pj) 

jjLc. / I a \\ jl III j)Ji L-ja . . . I ^ U 


. * * L-g—ij j f 




Lr.i-.LjS 4-JJ) * i*~l \ 

-e 

LJ l i^l^. I j ‘ ^ J * * ^LlujVI 


* 4jtJ_0 jJ I L$J j I njl U LiSJ \ 


j ^>- l L$iS Li oL -^2 1 l>s 3^ 0 ^ jpkv* < nl i^i^- 

* * * 

* , * LiU>J i g Skcfl juJj ^1 dSIS , * 

Ue_i (j^Sa V U-S J> fLil Lg-La [_^jS rlr! 


0 JLA dliCi.a ; J jjaj da IS 4 * * L^jJ 1 

SLao^I SlpW Sh?^ ***j.£^ t *^ 

L 4 SL LT i^ jJaSa <jlSj Sl fljlr tj V 

* 

^jSSjSjluj J-A* lS jS « « * J[s I i n" 1 j 

SUo^l L^Sp* US U^j 


3 ; L-Lj_ij j fc>" 1. 1 oSS aSS t I j _^1 3L. 

j} * * * ^^4-fc] I JL_ J . J S ( JS Uif jMdJ J>_4 


. ^ r ,-^y LJ 1 ^sUjJL 4 juiIj k (SuJ) < IlS 


JL 


>\9 


li *1 f n^J j a j tflj-j ojI^ 

« djSkj j 1 nil 

44,4JUul £)1 (JJ-S ^ LT^" >* 

,*.3 :J U 
IjSSSj ^j-SJ ^_$aU>.Uv ^p-c. ^ d 

t * 

(JSjV ^j3 US J^£lI (jP'j 3 'jj ••■tyl* 

^jJaltj ^1 (jk.® CT^- 

-Jj^'4, 



l^Juo^-J L^a j j-lcuJS r^iLjijaJ (jl5 

^I^Ulo dulS Lp ij U -w ,,,L^JpLd 

^q, PmjljjjJI CjJi aL>d jjjTp-f * * , 1 

? 

* * * ^pujijJ < 3 33 0 SUli) -, * * lib j-^£L 

i 

■ U.r,.u a L^JlJ 1 3 3j>l ^ C LLl 

<1 

--■^ m t<\_J ^jU_LJI 

* * 

# 1 _LJI .L_Jji ,, t(J M 1 {jjl ^J—^Lj 

4 ^, * * 4 £ 

C_- AJLJJjl <J_JjUll * * .tiJjJVjl * * ,4_djU£. 

■fr " 4 - "Sr 

dal * * * dJj*>*jl *, ,ki±o-3jJ lLU ^U-jj, 

* 

Cj~° C_r^ ^ ^ j f^i^i ^ ^_j ij 1 "*- 

* * *aJ jSc. 

* 35 

<=L_ 3 jsj_jS jlJo ^l » * * La _LjJ j? < a ^ j 

. * . J ^ tli \ 3 JlC. ^LS L r ^> j j^a CjI^ , , . I 

A ^ 

- - - I j Ml LbjLi.^ ^pLu ^jl l * » ^jlS 

Sh^ ^UjlII JL5tjJ 4_IjJ_4 jjjl I ^ r> t^i 

# {. 

djSjP J^aVl L,>^ aaadjVili <lILx A J 

* « 

j_J a ^1 , «>3^j ^Vl 

■i 

dlLub - * * L$j JJLA l g JL St U < 1 (jl L 4 L 1 

** 'Sir 

JU pi 4_>^ljjlj Jh-t-ULLLU 

■ U rn^ ^jSLa J LS , . * CljJ (jJ l 3 -Ij^tJ I 

4 43JJIJ L^l 

J^3 , 4 4-La dtLjOSJ J<iS # 4 , &JJUUS3 

Ska ** 4(L_3ajJtiLj Jj Uj 

SgJLJl o^*ij * * * Ujjtd k_jl_iii 

4TJj nlr> <=L_ l jUS 4lU- j * » » L^S po ^Sf I 
3 JU> i LgS pu I 444 i ,4*4-1 Ulu 4 

S 4 JI 4avU^ g^Ujl jui^ (j-4 3_LjJo- 




*LLj! Lj * 1 jLjj jls I 

j J lc V /juj_uJI 

rf’ttil'?^ * * 

^y-LjJl ^jt * j -^* H ^LjuI Lj 1 j n lc la 

t (J-^3 U tfcq JL ^pJCLcih) :JL_3 

L ^n -w t dL 4^ J j A jLLj L-^i 
*^UjJa£ (Jbj^s lIIUlcj .^UZu> ^JjlS 
ihlij L^ j ^JjlB 

jIjj <'^>4 

^LiS itLajJb cLjLxjjj J^LaJliS 

L^c. Sl-^ l /. * *1 . *r< 1 1 <jjXj ljI ^ ♦ * m 
dSjaj £j\ J^3 4j jj>*^/ dJjLaj L" i ■ ■ j 

•f^ 1 

* * 

L&Lu»j l-JLs * * * di jLLa jjJ I <La 1 juJ a 3 Lc. I 
illJLq^o ilu I 1 I I4J J L& i 4 , <Ll£i 

...jjiiji <>«j 

<r « ^ 

. . - ^jLjI i Ol.iJv* ( _ ? j-Ll ^j-3 LI 

j <*"1 ii“ TL djij, < V . 


1 J j ^ m a (jL? ^ =L- 5L-4J JlJN.1 

£ 

J^jjlj ***L_ljjlJI jj-jil *4- ip^-^L 

fli 

djl dxc. j ^ * *» I ^ ^ AjX * <d 1 h j j -h. T 1 
(jlSj - ^ j^_ j) ii_^t_4_uJ 1 ^i/JJj 

JjJU ^Lu 2_ jLi djL^JfcJ l_4 J^iJu 

LqJlIc. u^JcS-l dJ j I I ‘s 

‘d- | t 

* . . dlSL-uj (ji ^ La i djB J-^jfcJ I 

+ + *^_iJtJJ Ly 5 i ^£jj L^Lp <=1- 

4- * 

,J_4 dJJ \ I ^Jj3 ... j y*% JuldJl 

*'£jjt_llf JjJtJ ^IsLljJ'I (j^lj 

jLr^ll <jJjJ^ i Oj JU S j lo~ n I !>1 d 

* 

...Jj^ jjl ,Jla -ls- 1 "if ...jLiJIj 

* 

qj l& j 1 in n j=_iLiiii Jj-l ui*- 

A_ j<i-L.t-j j il a! -h.il :oL<JLSLJl 

Cjt^Js d_LLi * <_&jj id_JL>Jt 

J) c- 

^yA ^-iLL LjjLLl (jl < M^C 11 4- 

t f ■«- 

^ri-*JjVl ^Lijl L» :dj_jl^Jl 
<>_i_u_<i_>J I c Lu I Lj i ff J l < Ljj Ji3 gjjj) 


L_A^^_) O j j "< ^ JJ f ^ 

6^- ••• 5 jyJt-A L^lr ^3^ 

fi 

^jniuLjji - - . p jg f r ^ \ Jell? I ^j£. dl »»»LjjJI 

* 

^^LaLaj ^ j j a 1 ^jl 1 n^^?Li dL^i J_dL*j 

t v < 

pLU 3 j jj-o Cy 1 j ^ I jS i I * * , J Lwi'y Lj 

* 6 

Jjj>v L^j ^jLsjj d^lj (3 j 5 JjflAj 

t Ls jj l Ly 1 dJ_up- 3 jjpui « * * d_utSU I 
& fl L$1 ^S_?c_] , # * ^ .JSj i3 JJLjuS cL- 4jJUl>- 

* * , d_J 1 4 jv L jc_] j 

* 

< JJ3 jJb jLSd ^ r Q W M djl ^djjuui 

La ^ <^ 4 J ^jl * * , (j-u_i-uJ I jjL>o La j^jlH 

.jJJjJu * * * JLv Lui I JL>^ I 4r ^ /pa _p_Lj 

* 

j)Jja,l ^J_*J dj^J J - - 1 VI 

dSjJj Cjr^ 3 ^ 1 d^jliJj 

UJU Jjib d , * - Lj jJ I a JJk £j£. Jjj d Jj_l I 

,d^LLs 1^ Lj J J 1 J JLj£. J^p 3 

icjUKji 

diaj Jy I. ^ nr Ly 4 < 11 1 jjii// ^ 

0 Lis (ji 



^jOlQJ I dip UJL 0 U gJ . jUnjlll oUpj IjjluIjuo IBLujI pgioJI boJjj 
lauo IjjuS liable |jl UzpgJ toIogjJI LuLp J*ooJ j^JCJI Cilzotll 
(jia.jli.o jjj si jell I sljdJI Usui Id /aSge^l .Luxlc Ijjuuidi osljg c _ 7 o5u 
c-blmlSI 22 lc JS (_jD cud j_>o}iu <_£dll { _ 7 aIaJI ljUII Ido ( _ 3 d 
d&i cojtu d) Jlguu (jle ajLaic culpjg ipglnJI pJLc ( _ j d pjjp 
c _- r c LmiiJLmj ^aSiSxu atujuuu cujpli Jl abLolIb pSxo ^ooalj 
.axaJLoJI jgoill jnflj pmb ^jle .oSzietuu di JjjuaJI 





3jl dLjl_i.j3 ^_3 JlJ JL1£^ 

■£ 

jjj LJ I £ Ul l 4 flit"*! ^ ^ 0 JL4 XJ 

* JLlLaJ l £jj& 4 3 lU JSjiZcS JOd U* £ Ld j j r ! I 
^cJJL I ujijj LajLj£. J^cJJU jj3 ^3 Li LLa* 
JU-c-snj- 4_^.J3 f“ s,|_Ll pL 

J <*-Vi JL3$ - I <j rj 3 La ^ l £tJ LU £ Li I 
uk >kaJl dxjso 4^id 4_r^j3 Y* 

I Ji£k d . c l_U < 3 I JlL 1 ^_IX I <1 Hill l 

JUC 3uk. jcJUl eLU JI^jcTu ^ 

uf 

.5jl jaJI CjU.J.1 


\ 1 i ^ , , r ~ P, T \ i UaI . t " < 1 j U T 1 

,JSLcujj LjLXjd^ tZJ^LujJl J>3^* 

*_k>j^j ^JUU 4 js5Lc 

> * 

(Jj Luu Jtt-ULS^ * U I (J I ^1*1 I 

3 Ju^zlj Ld Juk JOd Ljv I 

LdJLuk i>*j3 SjljjJl 

t aj ^ ^ t t^s a! h <r t \ 

cj>i ? r (jj-r> «friction force* 

3jl JJ> sIjIjLujJI 

^1 ^jJI Sll]l£o.VI 0^* 



jlpnJI (jdc ^lic] 

Okie ... j_kbJ Oiiiriq 

ieOoJI Iqj-dLTi s^JjJI uLc 

j Ai jLc. uk 

4uk>Jl jLlUl <4r LIiLj JlLJ I 

4_jI ■ t £ 1 1 w h A U L^w^Luj jukjl 4^l£Ul 

^jd- 4 -uj ^k-tju Juuk .M^-S l^-UI 

^ * * 

J 'sc I j * ^ JiL_UtVl lUjIjjjU 

!*Ljl^ 3(t A A j. J d ■ ^j»- t"r U i ^ J ^ ♦ T 1 J 1 jJLtJJ \ 

uf 

^k jcJUL l 4 j jU I ^ a j 


^ 1 1 ? I I Q ^ ol ^ Q I fjlQ .Vi .p 0 I o II 

* ^ * 41 * 

4J i 3 jp^jJL I 3^jwJhJ I (j \ Vl i JL^j>J I j ju 1 1 i - j \ lajLJ V <lk jkJ l tfi Jut (J Ij 4 jJ k. J-±£- ^ j a * 3 j n i 4_dJ^ l |*k jJ 

^ ^ ^ i^i . yf -g 

ijS J l L jc_U I ^pi jj ^ui-uj3 4 jJ5? 4t>v L>J 1 dU 3 jjJ l c_3 Lku , I i j^£i t Cilj LmJ ( ^j3 Lt^d ^k 4 j_Jluu CJ I js-p I j 

* U# yf * f|| ^ 

iHa l i 1_L& I jLJL I ^ jtii I c_JjMk V ^ J l ^Lui I LjJ I Ja dJU * 3^>* jX I 1 Jk^3u 

J 5k dj l^jkl l (j^k jk-sJ l ISU, 3 ju JLS- kgk 3_dJjJsS dj I jLatlk I Jlii A . jjka L ^jSUj jjJtAt I ( j JiU aj ^ W *j Jj JLj Jp- 

styrene-butadiene* 2 l3UmSJI ji^i j*S\ 3 (( potassium formate* oLs.^ ow e^ 11 

• i*~ri a. ,,vi jlkIluiJli j bitumen* jIaji j_a a_LA ' t>*>i ^ ^iu La ju^ 4ji cjLu \ ^y> (j^zL9> LiJi £jj> j ac. *v 5 L ^j ' a a . < sty rc n c 

Mf 4* * *“ ^ * 

L.,.J I J3j * a d-k jljkkU ^ dj Laj^ 3 5U* l i O l^jks I ^yk k l * jk>J I jSlk ik^s&k kj 

Juijkj ^LU 4 j L k 4jjll J5k JMkJl £yi SJk- (JJ k JpkjJi £= jLc,Lu^ 





21S djhiJnl l linQlr 
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